The molecular model for n-alkanes in this study is a coarse-grained (CG) model proposed by A differentiation between the middle and the terminal groups (i.e. the -CH 2 CH 2 CH 2 -and the CH 2 CH 2 CH 3 groups) was made to improve representability, transferability, and robustness. In Figure S1 , a schematic representation of an n-alkane and the corresponding CG representation are provided. Green 'End' beads (E) differ from the blue 'Middle' (M) beads.
where "# is the centre-to-centre distance between segments k and l, "# is the potential energy depth, "# is the size scale, defined loosely as the segment diameter, and "# 6 and "# 7 are the 2 repulsive and attractive exponents, respectively. The latter one has been fixed in this work to a value of 6, to represent London dispersion forces. The constant "# is defined as 
The SAFT-γ Mie parameters are fitted to vapor pressure and saturated liquid density data properties of small alkanes (C 6 to C 12 ). The unlike interactions for the end (E) and middle (M) beads are obtained from combining rules for the unlike diameters and repulsive exponent, 
"# 6 − 3 = ( "" 6 − 3)( ## 6 − 3),
while the unlike energy parameter was directly tuned in the development of the model. In Table   S1 , the intermolecular force-fields obtained via the SAFT-γ equation of state, and the unlike parameters, are provided. The intramolecular interactions were determined using atomistic simulations as benchmarks, adopting a united atom (UA) representation, in which hydrogens are implicitly considered in the model. Monodisperse systems of n-alkanes containing 3n carbons (where n = 2, 3, and 4) were simulated to obtain the target bond-length and angular distributions. The intramolecular CG potentials were expressed as
(1)
where OPQR and 7QUV& are the stretching and bending constants respectively, and correspond to the bond length and angle, while the subscript o denotes the equilibrium values.
The averaged values reported by Rahman et al. Error! Bookmark not defined. , OPQR / X = 6666 K Å -2 with M = "# , and 7QUV& / X = 2318 K rad -2 with M = 159°, are used here.
Surrogate model mixture
Waxy crude oil originating from the Asia Pacific region under PETRONAS Operations was analysed by High-Temperature Gas Chromatography (HTGC) and SARA analysis to obtain its compositional properties. The compositional distribution analysis was performed in accordance to ASTM D7169 3 analyzing up to a carbon number of C 120 . The chromatographic spectrum is then compared with reference standard hydrocarbons for component identification.
Weight percent (wt %) of carbon distribution is calculated from the area count of each component. The HTGC analysis resulted in a carbon number distribution in the range of C 5 to C 66. Carbon numbers between C 18 and C 32 are the major components with distribution between 3.2 to 8.8 wt %. The heavy compounds were less than 1.0 wt %, while those lower than C 18 were less than 2.0 wt %. Upon the presumption that the carbon distribution of the saturate fraction follows that of the entire crude, a discrete model consisting of eight representative components is employed. Several alkane cuts were grouped together to represent the short, middle and long chained alkanes. The composition was fixed mimicking the compositional distribution obtained from the HTGC analysis. Table S2 below includes the alkane components and their respective composition. The chemicals were purchased from Sigma Aldrich and were used without further purification. In Table S3 , the composition details of the model mixture studied in the MD simulations is presented. 
Molecular Simulation Details
Molecular dynamics simulations in this work are performed using HOOMD-blue (Highly Optimized Object-oriented Many-particle Dynamics) 4 . Randomly generated K in the NPT and NVT ensembles, as described above.
8-alkane Mixture Model System
The simulation box for the 8-alkane mixture was generated randomly with the composition given in 
simulations are performed by gradually reducing the temperature from 400 K to 200 K in the NPT and NVT ensembles, as described above.
Diffusion coefficients from MD simulations
The diffusion coefficient is employed as a measure of the inherent mobility of the species in solution. It is directly related to the mean square displacement (MSD), which is the average distance that a given particle in a system travels,
where r(t) is the position vector in the XYZ space at time t, and the angular brackets indicate an ensemble average, i.e., an average over all particles in the system and over all possible values of the time origin, indicated as t 0 . From the Einstein relation, the diffusion coefficient in a 3-dimensional system is defined as
In this work, the diffusion coefficient is calculated from the slope in the long-time 
End-to-end distances and radius of gyration from MD simulations
Order parameter analysis is also applied to complement the study of the changes that occur with the alkanes during the transition process in the MD simulations. The end-to-end distance and radius of gyration of the n-alkanes in neat and mixture form were analysed to evaluate the molecule's flexibility. In Figure S3 , the end-to-end distance and radius of gyration for C 12 
Diffusion-Ordered Spectroscopy (DOSY) Nuclear Magnetic Resonance (NMR)
DOSY experiments were performed on a Bruker 500MHz AVANCE III HD spectrometer running TopSpin3.2 and equipped with a z-gradient bbfo/5mm tuneable SmartProbe and a GRASP II gradient spectroscopy accessory providing a maximum gradient output of 53.5G/cm (5.35G/cmA). The 1H DOSY spectra were collected using the Bruker pulse program ledbpgp2s at a frequency of 500.13MHz with a spectral width of 5500Hz (centred on 4.5ppm) and 32768 data points. A relaxation delay of 12s was employed along with a diffusion time (large delta) of 150ms and a longitudinal eddy current delay (LED) of 5ms. Bipolar gradients pulses (little delta/2) of 5ms and homospoil gradient pulses of 1.1ms were used. The gradient strengths of the 2 homospoil pulses were -17.13% and -13.17%. 24 experiments were collected with the bipolar gradient strength, initially at 2% (1 st experiment), linearly increased to 95% (24 th experiment). All gradient pulses were smoothed-square shaped (SMSQ10.100) and after each application a recovery delay of 200us used. The data was processed using 16384 data points in the direct dimension applying an exponential function with a line broadening of 1Hz and 128 data points in the indirect dimension. Further processing was achieved using the Bruker Dynamics Center software (version 2.1.7) -error estimation by Monte Carlo simulation with a confidence level of 95% 15, 16, 17 .
Differential Scanning Calorimetry (DSC)
DSC is used in this work to study the thermal transition of the polymer. All measurements were carried out on a TA Instrument DSC Q20. A small amount of sample (approximately 2-5mg) was weighed in a Tzero aluminium pan and clamped with a sample lid.
Three heating/cooling cycles were performed of which data from the second cycle was used for analysis with the TA Universal Analysis Software. A heating rate of 10 °C/min was applied for -100 to 200 °C temperature range. The melting temperature was extracted from the endothermic peak and the glass transition temperature T g was determined based on the inflexion point of the change in the heat capacity.
This phase transition observed by DOSY-NMR is also verified with conventional DSC analysis where the melting point of C 24 H 50 and C 30 H 62 were determined using the heat-coolheat cycle methodology to correctly measure the phase transition. Figure S5 shows the melting point for C 24 H 50 and C 30 H 62 determined by DSC, which is consistent with the melting behavior reported elsewhere 18 . Two peaks were recorded for both alkanes, and this observation is also consistent with other works in the literature, where higher alkanes were generally reported to have two peaks recorded. The true melting point is recorded at the main peak, which is usually at a higher temperature than the second peak. The appearance of the second peak corresponds to a solid-solid transition between a rotator phase and the more common crystal 19 . The melting curve for the 8-component alkane mixture is shown in Figure S6 , where there is evidence of a spread in the signal and a very ambiguous result if one is expected to report a unique temperature for the transition. While the standard analysis reports a melting point of 38.6 °C, it is evident from the thermogram that the melting point (WAT) becomes ill-defined and would spread from 32°C to 40°C, approximately. 
Melting point for C-24
For the results shown in figure 1 ( melting of a solid ) , we chose to construct the crystal by aligning stretched-out molecules packed in a primitive orthorhombic structure. The resulting solid is equilibrated at 200 K and a 1 bar in the NσΤ ensemble, allowing the different dimensions of the solid to accommodate to the closest packing. The resulting structure is temporally stable, displays translational order and has a higher density than its liquid counterpart. 
Experimental diffusion data
Raw NMR data is reported in table S4. All measurements are repeated three times. Error bars are calculated based on the NMR average values. 
